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Water availability is one of the greatest global sustainability
challenges. Water is not available in adequate quantity and quality
in many areas and water shortfalls are expected to increase.
Businesses are facing water-related challenges due to inadequate
water availability and poor resource management. Identifying and
quantifying impacts is key to enabling companies to make effective
management decisions. Several water assessment tools have been
developed to help companies understand the complex nature of
water challenges; however, there remain signiﬁcant gaps in the
datasets and inconsistencies in measurement and reporting of
geographic water shortfalls. There is a need for more complete
datasets containing information on water withdrawal and discharge,
freshwater availability and depletion (spatially and temporally),
water quality monitoring, reuse and recycling. We discuss four of
the available water assessment tools (Global Water Tool, India Water
Tool, Water Risk Filter and Aqueduct) and highlight those elements
most critical to water-related business decisions.
& 2015 Elsevier B.V. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).ess article under the CC BY-NC-ND license
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Water is essential to life on Earth. Water is used for agricultural, industrial, municipal and
recreational purposes and by natural ecosystems. Global water use has grown at twice the rate of
population growth over the last 100 years [1]. Currently, 40% of the world's population lives in areas of
water scarcity and an estimated 50% will be affected by 2025 [1]. Water scarcity generally can be
deﬁned as the lack of water supply, typically calculated as the ratio of human water consumption to
available water supply [2]. Global water scarcity is expected to increase due to the growing
population, economic development, more water-intensive energy production, dietary changes and
climate change [3,4]. The Falkenmark Index [5] is commonly used to describe the level of water
scarcity in a region by calculating the total renewable water supply per person annually and is often
criticized for its shortcomings despite global acceptance [6]. For example, the index does not account
for seasonal or spatial variability of water ﬂows which may mask regional availability. Generally, water
availability of more than 1700 m3/person/year is considered acceptable, while below this level water
scarcity occurs regularly. In areas with less than 1000 m3/person/year, the lack of water limits human
activities and business operations, while less than 500 m3/person/year is viewed as a main constraint
to human life. Water stress is a more comprehensive term for the lack of sufﬁcient water to meet
human and ecological demands, encompassing water scarcity as well as water accessibility, water
quality and environmental ﬂows (the presumed water runoff required for ecological health of each
watershed) [2]. An area with ample supplies of contaminated (unusable or undrinkable) water would
have water stress but not necessarily water scarcity [2]. The determination of water stress is rather
subjective and depends on available data and local societal values, thus robust, quantitative
assessments are currently not possible. However, water stress is considered a more relevant
assessment of water risk than water scarcity due to the many aspects included.
The continued availability of sufﬁcient water resources is unclear. As corporate value chains
expand globally, water scarcity is creating new business challenges even in locations with previously
ample water supplies. Businesses are facing diverse water challenges including more stringent water
quality regulations, rising water costs, water allotments, growing community control over local water
resources, and increased public scrutiny over water use and discharged water quality.
Confronted by these challenges, businesses are taking a more comprehensive approach to water
management by developing global water strategies to minimize unfavorable operational,
reputational, regulatory, and environmental impacts. Proactively, some companies are reporting
their water use, water reduction targets and water-related actions to their shareholders,
stakeholders and the public. Last year a survey of 184 Global 500 companies reported that more
than 90% have water management plans in place and 63% have set water reduction targets for their
direct operations. However, goals in other water-related areas are minimal: only 6% set concrete
targets for community engagement, 4% for supply chain actions, 3% for watershed management, 1%
for transparency and no respondents set concrete targets around public policy [7]. A company can
reduce both water demand and costs by improving operational efﬁciencies in direct operations,
which is often the most easily managed value chain sector. Increasingly, companies realize that their
water practices may have impacts that reach into the local communities and surrounding
ecosystems and that a robust water stewardship strategy will address water risks and impacts
along the entire value chain. Business water risk refers to the likelihood of a water-related event
which would have adverse impacts on the business, community or environment and may be related
to company operations, local basin conditions or both.
Companies manage water depending on process requirements, the type of impacts, and the
condition of the watershed(s) in which they operate. Companies can identify facilities in water-scarce
regions (geographic “hotspots”) and prioritize investments in mitigation measures such as operational
efﬁciency improvements, contingency planning, policy engagement and community outreach.
Volumetric water consumption often does not adequately forecast a company's water-related
business risks or impacts due to lack of context of their water use within the watershed. A more
holistic approach to risk assessment includes a broadened perspective about the ability of nearby
communities to access water, the adequacy of local water management practices and water allocation
practices by sector. This knowledge leads to a more comprehensive understanding of the relative
Table 1
Selected water risk assessment tools.
Tool Developed by Spatial scale Data sources Industry
coverage
User input Tool output
Global
Water
Tool
(GWT)
[20]
World Business Council
for Sustainable
Development (WBCSD)
Country level
(GWT-WRI)
Food and
Agriculture
Organization
(FAO) AQUASTAT,
World Health
Organization and
UNICEF Joint
Monitoring
Program and UN
Population
Division
(UNDESA).
No
distinction
between
industries
Facility GPS
location,
facility water
data
Water
inventory,
reporting
indicators,
global map of
facilities
overlaid with
water-related
map layers
Watershed
level (GWT-
UNH)
University of
New
Hampshire,
World
Resources
Institute
(Aqueduct
rankings),
International
Water
Management
Institute and
Conservation
International
[25].
India
Water
Tool
(IWT)
[21]
World Business Council
for Sustainable
Development (WBCSD)
Administrative
district or sub-
district level in
India
Administrative
district and sub-
district level
data: Central
Ground Water
Board (CGWB);
Wetlands data:
Ramsar Sites
Information
Service [26]
No
distinction
between
industries
Facility GPS
location,
facility water
data
Map showing
areas of
greatest
groundwater
availability and
quality risks,
reporting
indicators,
Ramsar-
designated
sites
Aqueduct
Water
Risk
Atlas
Tool
(Aque-
duct)
[22,23]
World Resources
Institute (WRI)
Watershed
level
Various; includes
FAO Aquastat,
World Bank, U.S.
Energy
Information
Administration
(EIA), U.S.
National
Aeronautics and
Space
Administration
(NASA),
University of
Colorado Flood
Observatory [27]
9 Industry
sectors
Facility GPS
location
Global map of
facilities
overlaid with a
combination of
12 global water
risk indicators
Water Risk
Filter
(WRF)
[24]
World Wide Fund for
Nature (WWF) and
Deutsche
Entwicklungsgesellschaft
(DEG)
Country or
basin level
Various; includes
FAO Aquastat,
Water Footprint
Network (WFN),
University
College London's
35 industry
sectors
Facility GPS
location, type
of industry,
30-question
survey on
physical,
Global map of
facilities
overlaid with
water-related
map layers.
Physical,
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Table 1 (continued )
Tool Developed by Spatial scale Data sources Industry
coverage
User input Tool output
Global Drought
Monitor, NASA,
WWF, World
Health
Organization,
University of
Colorado's Flood
Observatory Tool
regulatory,
and
reputational
data
regulatory, and
reputational
risk at the
basin and
company level
S.A. Mueller et al. / Water Resources and Industry 9 (2015) 30–44 33water scarcity or abundance in a particular watershed [8]. Many available water indices focus on ﬁxed
human water requirements and water availability [5,9,10], renewable water supply and annual
demand for water [11–14], environmental water requirements [15,16] life cycle assessment [17] and/
or water foot printing [18,19]. Each of these indices evaluates water or environmental sustainability
but does not speciﬁcally address water-related risks or forecast future impacts.
Global water assessment tools have been developed to help understand the complexity of water
availability. Companies may employ these tools to assess current and possible future water conditions
in areas of operations. Although the automotive industry does not require as much water as some
industry sectors, water is used in many key manufacturing processes and at every point in the
vehicle's life cycle, from materials extraction and processing to end-of-life recycling. Therefore,
understanding the water availability in regions of operation and the likelihood of water-related events
which could impact operations is of utmost importance. We evaluate several publicly-available water
assessment tools, provide feedback on current tool attributes and suggest functionality improve-
ments. Our intention is to provide an automotive industry perspective regarding critical aspects of
water assessment that tool developers may wish to consider. A thorough evaluation of water
availability or water-related risk for any speciﬁc location is outside the scope of this paper. While
water management techniques vary between industries, we believe that many of our suggestions
about areas that require improvement and further thought will extend to other manufacturing
operations as well as non-manufacturing industry sectors.2. Methods
2.1. Water assessment tools
The research methodology included a review of current literature on water scarcity concerns and
evaluation of four open-source water assessment tools, selected based on their public availability and their
global applicability, with the exception of one country-speciﬁc tool. The selected tools include: (1) Global
Water Tool (GWT) [20]; (2) India Water Tool (IWT) [21]; (3) Aqueduct Water Risk Atlas Tool (Aqueduct)
[22,23]; and (4) Water Risk Filter (WRF) [24]. Tables 1 and 2 provides more detailed information for each
tool. These tools have distinct objectives and accordingly the inputs, outputs and datasets differ. These
tools generally use place-based water indicators to provide guidance on local water scarcity or water
stress. Both the GWT and the IWT prompt users for GPS coordinates and water use data for each location,
however, the water data is used solely for generation of standardized reports (e.g., Bloomberg, Dow Jones),
not speciﬁcally for assessing a company's water use in the context of the local environment or for risk
assessment. GWT produces a global map of facility locations layered with one of 14 water indicators at the
country or watershed level. IWT provides assessments of the regional groundwater stress in India and
whether the facility is located within a protected wetland of international importance under the Ramsar
Convention treaty. In Aqueduct, the GPS coordinates for each facility are the only user-entered data.
Coordinates are used to generate a global map that combines up to 12 indicators to highlight regions of
greatest physical, regulatory or reputational water risk. Users may select one of 9 industry sectors each
Table 2
Ten locations chosen for tool comparison.
City Country GPS coordinates
Latitude Longitude
Lucknow India 26.8500 80.9500
Jamshedpur India 22.8000 86.4500
Pune India 18.5000 73.8500
Sanand India 22.9800 72.3800
Chennai India 12.7816 80.1087
Dearborn United States 42.3083 83.1563
Chihuahua Mexico 28.7116 106.1258
Chongqing China 29.6857 106.5893
Taubate Brazil 23.0207 45.5931
Valencia Spain 39.3198 0.4169
S.A. Mueller et al. / Water Resources and Industry 9 (2015) 30–4434with default risk weightings or customize the weightings based on knowledge of relative risks for their
industry. WRF enables the user to conduct a high-level assessment of the basin and company-related risks
based on GPS location and industry sector alone. A full assessment of physical, reputational, and
regulatory risks may be conducted by answering a 30-question survey for each facility. Examples of data
requested include the amount of freshwater withdrawn, the source of the water, the percentage recycled
and the water intensity of suppliers. The tool outputs include global maps with water-related overlays,
risk mitigation information and a knowledge base about water stewardship initiatives.
Sensitivity analyses were conducted for selected features to understand the tool functionality.
2.2. Tool comparisons
Two categories of physical water challenges, one generally corresponding to freshwater
withdrawal-to-availability (WTA) ratio and the other to seasonal variability, were evaluated by the
tools for the 10 locations. Other physical risk indicators, such as ﬂood or drought occurrence, upstream
storage and water quality were not compared as they are not represented in all tools. Due to the lack
of consistent deﬁnitions, some tools may refer to volumetric availability as water stress rather than
water scarcity, thus we will deﬁne the indicators at ﬁrst use.
In the ﬁrst comparison, the indicator most similar to freshwater withdrawal-to-availability (WTA)
ratio in the watershed was selected to serve as an index for local water scarcity. For GWT and
Aqueduct, the indicator is deﬁned as withdrawal divided by renewable supply. The GWT reports water
scarcity at the watershed level utilizing two datasets: (1) World Resources Institute (WRI) provides
the annual renewable water supply per person (m3/person/year) for 1995 by dividing global runoff
values at the river basin level by the population using a gridded network at 0.51 (30'; for simplicity, an
approximately 55 km2 (or 35 mi2) area at the equator) latitude and longitude spatial resolution [28];
and (2) the University of New Hampshire (UNH) reports the ratio of human water use to renewable
water resources (i.e., mean annual relative water stress index) at 30' resolution for 1995 [25]. Baseline
water stress was selected as the indicator in Aqueduct and is deﬁned as the total annual water
withdrawals (2010) expressed as a percentage of the total annual available ﬂow (1950–2008). For the
WRF, the annual average monthly blue (surface) water scarcity in the affected river basin, which is
deﬁned as the blue water consumption divided by blue water availability (1996–2005), was used [32].
In the IWT, groundwater stress categorized by the Central Ground Water Board (CGB) of India was
selected as the predictive indicator of water scarcity. The indicator is based on the groundwater
utilization and long-term trends using 2009 data [21].
In the second comparison, ﬂuctuations in seasonal availability were assessed using the Aqueduct
and WRF tools; GWT and IWT do not include this functionality. In Aqueduct, seasonal variability
reports the variation in water supply between months of the year and is deﬁned as the standard
deviation of the monthly total blue water divided by the mean of the monthly total blue water
(1950–2008) [29]. Aqueduct obtains information from the NASA Global Land Data Assimilation System
S.A. Mueller et al. / Water Resources and Industry 9 (2015) 30–44 35(GLDAS) with a spatial resolution of 1-degree (60') [27]. WRF utilizes data on the number of months
per year that water scarcity exceeds 100% in the basin of interest averaged from 1996 to 2005. In WRF,
the monthly blue water footprint of humanity was estimated with a spatial resolution of 5'5'
(commonly called 10 km grids, although the exact size varies with latitude) and does not include the
environmental water ﬂows needed to sustain healthy ecosystems [30].
Thirdly, regulatory and reputational risks were assessed by Aqueduct and WRF tools. Currently
GWT and IWT do not support these types of assessments.3. Results
3.1. Physical assessment – local water availability
Variation in water availability at both spatial (local) and temporal (seasonal) scales was assessed
for 10 locations using GWT, IWT, Aqueduct and WRF. Table 3 provides a comparison of tool output,
generally with respect to freshwater WTA for each location. For each indicator selected there are ﬁve
possible assessment levels, except for mean annual relative water stress index (GWT-UNH) that has
four, color coded from dark green indicating sufﬁcient water availability to dark red indicating
extreme water scarcity. While the water availability ratios used in many of the tools can be calculated
from available water data, the severity of the water scarcity is somewhat subjective.
As Table 3 indicates, global water availability varies greatly from location to location. For a few
locations (e.g., Dearborn, Chongqing and Taubate) all four tools indicate sufﬁcient annual freshwater
availability. Conversely, many of the locations in India were found to have an inadequate supply of
freshwater by at least one of the tools and often by two or three.Table 3
Selected physical water assessments.
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Aqueduct) utilizing datasets containing both surface and ground water and other tools limiting the
scope to either surface water (GWT-WRI) or groundwater (IWT). As such, some tools may be better
positioned to capture the local situation depending on the main water source at a given location.
Generally, GWT's two watershed-level datasets (GWT-WRI and GWT-UNH) indicate a similar level of
water scarcity for most locations, however, there were notable exceptions. For example, in Lucknow,
India, available renewable water supply per person using GWT-WRI (1700–4000 m3/person), is
classiﬁed as being nearly sufﬁcient, however when compared to mean annual relative water stress
index risk (GWT-UNH), the location is among those with the highest level of water scarcity. For Pune,
India, the two datasets also provided contrasting assessments: the per capita water supply (GWT-
WRI) is scarce but the annual, renewable water supply (GWT-UNH) is sufﬁcient, projected to be
5 times larger than the required amount (i.e., the mean annual relative water stress index is 0.2).
Differences in the water indicator being assessed may partially explain the noted discrepancies. The
WRI watershed indicator provides an assessment of available fresh water runoff per person while the
UNH watershed indicator measures the demand relative to upstream and local water supplies.
Consequently, these disparate results could indicate that while Lucknow has a nearly sufﬁcient
amount of renewable water available per person based on the Falkenmark Index, it is entirely
earmarked for human activities including domestic use and agriculture, leaving little to spare. For two
cities (Valencia and Chennai), the datasets were incomplete and no comparisons could be made
between the watershed-level datasets.
The IWT provides an assessment of the availability of groundwater not surface water. This is a
reasonable evaluation of predicted water scarcity in India since groundwater represents 65% of
irrigation water and 85% of drinking water use [31]. However, some regions are more dependent than
others on groundwater supply, leading to discrepancies between the output of the IWT and other
tools with respect to cities in India. A comparison of the water availability among selected India cities
using the GWT and the IWT showed that the water scarcity assessment was similar for the IWT and
the GWT-WRI in Lucknow and Chennai whereas, the IWT results were more closely aligned with the
GWT-UNH in other instances (e.g., Jamshedpur and Pune). This variability is confusing to companies
interested in evaluating the potential for water-related business risks in these developing regions.
Both Aqueduct and GWT-UNH calculate the ratio of humanwater use to available, renewable water
supply and as such offer a similar output for most locations. One notable exception was Pune, India
which had a fairly low water scarcity level assessed by the GWT-UNH and a fairly high water scarcity
level assessed by the Aqueduct tool. This disagreement is worrisome considering that these two tools
evaluate similar water availability metrics.
For theWRF, the basin-related risk levels are generated automatically based on the facility's GPS location.
The company-related risk level is determined from the user responses to the questionnaire. Most questions
have 5 selectable choices ranging from low to high scores indicating increasing probability of water-related
risk; selecting the lowest ranking choice for a question leads to the lowest possible risk assessment for that
category. Consequently, tool output is limited by the accuracy of the input data and is somewhat subjective
due to the answers entered by users regarding perceived corporate risks.
Despite the varied deﬁnitions of the physical water risk indicators we selected, it is somewhat
surprising that the reported water scarcities are dissimilar in many instances. Prior to our
investigation, we would have expected general trends of predicted water scarcity to be consistent
across the tools, especially for water availability which seemingly could be measured easily. Perhaps
this variability indicates the nascence of these water assessment tools or the incomplete datasets
which support the output. Our comparisons serve to highlight the differences in tool output based on
user inputs or available datasets and the need to carefully understand the tool's output prior to use in
business decisions.3.2. Physical assessment – seasonal water availability
WRF and Aqueduct provide some detail with respect to blue water availability throughout the year.
Table 4 shows the reported risk levels for temporal variability for the locations using Aqueduct and
Table 4
Temporal risk assessment for selected locations.
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for which the tool does not have available data. In Aqueduct, areas determined to have an extremely
high risk (i.e., seasonal variability41.33) experience periods of high variability in blue water
availability in that basin (e.g., monsoons alternating with dry periods). There was general agreement
in the level of predicted seasonal risk for those cities in India for which the datasets are complete.
However, for Chongqing and Taubate, there was disagreement between the levels of water-related risk
predicted by the tools. For example, WRF indicates that there is very limited risk of monthly blue
water scarcity in Taubate, Brazil, yet Aqueduct indicates that there is a high risk of variation in water
supply monthly. Again, these differing results for similar metrics can be problematic for businesses
trying to use tool output to guide business decisions.
3.3. Regulatory risk assessment.
Physical assessments are based on large, publicly-available datasets, yet as we have shown, there
remain some signiﬁcant gaps in the data and disturbing discrepancies in the assessments provided.
Meaningful assessments of perhaps more subjective factors, such as regulatory and reputational risks,
S.A. Mueller et al. / Water Resources and Industry 9 (2015) 30–4438are likely to be even more challenging. GWT and IWT do not provide any regulatory or reputational
risk assessments. And while Aqueduct and WRF provide users with some level of regulatory
assessment yet there is no agreement as to relevant factors. Also, the lack of global datasets
documenting regulatory risk means that the quality of information is likely to vary regionally, leading
to inconsistencies in the quality of the assessment provided.
Regarding regulatory risk, Aqueduct reports the increased likelihood of more stringent wastewater
discharge regulations based solely on the percentage of freshwater amphibian species in a particular
area classiﬁed as threatened by the International Union for Conservation of Nature (IUCN) [22]. WRF,
on the other hand, has four areas of focus with regard to basin regulatory risk, considering
governmental plans for water management, the presence of and enforcement of a local water
framework and the existence of stakeholder forums. The data used for basin-level assessments is
based on qualitative research at the country level converted into quantitative risk factors by WWF
[32]. The tool can also be used to provide an assessment of regulatory risk at the company level,
primarily evaluating the past discharge compliance, payment of penalties and enforcement actions.
Company-level regulatory risk is directly correlated to the answers provided in the questionnaire.
3.4. Reputational risk assessment
Aqueduct and WRF provide several reputational risk assessments. Media coverage (% of news
stories that are water-related) and access to water (percentage of the population without access to
improved drinking water) are the two reputational risk indicators available in Aqueduct. However,
media coverage is limited to articles published in English and counted via a keyword search of Google
Archives. Access to improved drinking water sources is often considered a physical water risk
indicator, but Aqueduct equates lack of water access to a higher sensitivity toward inequitable water
use, and accordingly, increased potential for reputational impacts in the local community. Both
datasets appear to be globally applicable as only a few regions lack data. WRF provides assessments of
basin-related reputational risk using the following indicators: (1) cultural and/or religious importance
of local water sources and (2) local, national or global media coverage of water issues within a
particular country. Qualitative research was conducted at the country level and converted to
quantitative risk indicator scores [32]. Similarly to regulatory risk, company-level reputational risks
are directly correlated to user-input answers to the WRF questionnaire. Therefore, while it does not
provide any new information per se, it may serve to facilitate the appropriate risk management
discussions.4. Discussion
Water availability and water risk assessments are difﬁcult endeavors due to the level of local data
required to make detailed evaluations of a company's water-related challenges. Water availability and
demand, water quality, local infrastructure, water pricing, water policies and regulations, public sector
management capacity and community engagement are some relevant elements that are needed to
provide assessments with the appropriate level of detail. The tools for measuring and reporting water
scarcity and water stress generally regard a portion of this list, but often provide an assessment based
on location alone. Geographic hot-spotting can provide rudimentary information about the current
level of water scarcity (given complete, valid datasets) and may be useful for companies considering
future expansion into new regions. But for companies with facilities located in areas without adequate
water supplies, this approach may not deliver the level of detail needed to make informed business
decisions.
Water assessment tools attempt to produce an evaluation of water availability – and sometimes
water risk – which may affect decisions by businesses, governments and communities. Currently,
these tools provide users with assessments of varied utility and adequacy and while they are a good
start, they are inadequate and need continued reﬁnement. As the ﬁeld continues to mature, we
suggest the following input, output and dataset requirements to provide the most utility for
evaluating current and future water scarcity (Table 5).
Table 5
Summary of desired attributes for water assessment tools.
Tool input Datasets Tool output
 GPS coordinates
 Corporate water data
 Industry sector
 Publicly available
 Global coverage
 High quality
 Regularly updated
 Surface and groundwater data
 Sufﬁcient granularity (spatial and temporal scale)
 Sources identiﬁed
 Global maps
 Standardized water indicators
 Isolate and weight indicators
 Context
 Future water availability projections
 Value chain
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The following tool inputs are critical to provide a meaningful assessment of current and future
water availability and water-related risks. Many tools utilize one or more of these factors, however all
are considered to be necessary components for emerging best practice.4.1.1. GPS coordinates
Obviously, the location of the facility is of paramount importance due to the local variability of
water supply and demand. For ease of use, we recommend the ability to upload multiple longitude
and latitude coordinates at once as well as the ability to pinpoint a facility on an interactive map in the
event coordinates are unavailable.4.1.2. Corporate water data
The tool should prompt users for total water withdrawal and water discharge at each facility. For
tools which require a facility questionnaire, the ability to easily populate the same data for multiple
facilities is a desirable feature. The difference between the water use (withdrawal) and the water
discharge is often termed “water consumption”. A company with high water use may not impact the
water availability of surrounding communities if the water consumption is low, meaning a large
fraction of the water withdrawn was returned to the source for downstream use. Water use in the
context of local availability and demand from other users in the watershed provides the level of detail
needed to assess current and possible future water availability challenges. Currently many tools do not
utilize even the most basic of water use data to evaluate possible business impacts.4.1.3. Industry sector
Water use varies considerably among industries. Some tools are tailored to provide a high-level
industry-dependent risk analysis based on typical water issues speciﬁc particular industries. However,
the available industry selections are limited to 9 in Aqueduct and 35 in WRF. We caution that a “one-
size-ﬁts-all” weighting scheme per industry sector is apt to be unsuitable for many companies and
their global facilities. These weightings should be reﬁned as more detailed information is available
through company self-reporting or industry surveys, to provide more accurate assessments.4.2. Tool datasets
Lack of sufﬁcient data is the greatest factor limiting the ability to provide meaningful information.
Collecting and disseminating water-related data is a difﬁcult undertaking and many datasets are
deﬁcient, lacking data of sufﬁcient detail at the scale needed to evaluate current and future water
challenges. The utility of future water assessment tools would be enhanced from datasets which meet
the following criteria:
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Datasets used for assessments must be available in the public domain to promote transparency and
the data sources should be clearly referenced.
4.2.2. Global coverage
Many companies have facilities located across the globe. Therefore, having a tool with sufﬁciently
broad datasets enables water scarcity assessments for all facilities simultaneously. The exception to
this would be a country-speciﬁc water tool (such as IWT) which is supported with datasets with
greater local detail.
4.2.3. High quality data
The quality of tool output is dependent on the user input data and the datasets which drive the
assessments. Datasets which are compiled from highly-reputable, knowledgeable sources reviewed
by experts in the ﬁeld will provide users with the most beneﬁcial information. Government-
maintained, national or global datasets may provide the most comprehensive information and are
easily accessible and regularly updated. Tools which attempt to harmonize data from many,
independent studies are less preferable than those which extract data from large, standardized
datasets.
4.2.4. Regularly updated
Changes in lifestyles, energy demand and growth in industrial and domestic demand for water has
increased in recent years. To provide users with the most useful information onwater risk assessment,
the datasets employed by the tools must be as recent as possible. The watershed-level datasets used
by the GWT are nearly 20 years old, making defensibility of business decisions utilizing this data
difﬁcult. We recommend an update interval of no longer than 5 years.
4.2.5. Surface and groundwater data
Data for surface and groundwater withdrawal and availability are necessary to evaluate current
and future water challenges. These two predominant sources of water often do not serve the same
users and are not available to the same extent. Globally, there is somewhat limited information on the
condition of the available fresh water. Quantifying and analyzing water availability and impacts are
difﬁcult due to lack of systematic measurement of surface and groundwater and public data reporting.
NASA Gravity Recovery and Climate Experiment (GRACE) is a program whereby two satellites provide
information on Earth's freshwater resources from outer space [33]. The satellites, launched in 2002,
track changes in the Earth's gravitational ﬁeld which are indicative of water movement – both above
and below the surface. WRI's Aqueduct tool will be incorporating this satellite data this year and we
recommend that this or similar datasets are used in future tools.
4.2.6. Population and infrastructure
In addition to water supply side data, having a comprehensive knowledge of elements inﬂuencing
the water demand are also critical. Population and economic growth will likely increase water
demand while lack of available infrastructure may reduce water use in some areas. These two
elements are necessary in developing projections about future water availability.
4.2.7. Sufﬁcient spatial resolution
Quantifying water availability at the appropriate spatial scales can be challenging. It is of particular
concern that many tools apply metrics which characterize the water situation at the country or very
large river basin scale. At this level, unique local contexts that inﬂuence risks are lost. Many water-
related business decisions are made at the local level, with the input from local stakeholders and
knowledge of local customs and values. National-average statistics cannot provide the temporal and
spatial detail needed to solve practical water resources management problems. For example, a study
[34] found that 4 times as many people were living in areas deﬁned as “water stressed” when viewed
with a geospatial resolution of 30' (0.51) compared to a country-level analysis. Physical indicators such
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seasonal variability and ﬂood and drought occurrence are central to an overall understanding of water
availability, but these factors must be assessed at the watershed level.
4.2.8. Sufﬁcient temporal resolution
Adequate temporal resolution of the water scarcity enables companies to assess their potential
water risks throughout the year and make changes to minimize impacts on their operations and the
local community. Watershed or basin level datasets averaged over time, as well as aggregation of local
data to the country level, are inadequate. Probability distributions for hydrological processes in a
particular watershed or basin will likely change with time and historical ﬂows cannot be assumed
constant [35]. There is a great deal of available data on precipitation, but changes in runoff to rivers
and groundwater recharge are much more difﬁcult to measure but represent an area for continued
development.
4.3. Tool output
Water assessment tools can provide companies with useful and relevant information to guide their
decision-making. A tool with built-in ﬂexibility allows users to tailor the tool to the level of
assessment required for their water management. For example, the WRF has a two-tiered assessment
approach, which combines an easy-to-use snapshot of the physical water availability based on
location, followed by a more detailed assessment taking into account local water use and possible
regulatory and reputational risks.
While many water-related issues will stem from lack of adequate quantity or quality of water (i.e.,
physical risks), a deeper understanding of water withdrawal limits and more stringent water quality
discharge standards (i.e., regulatory risks) and public scrutiny regarding community water needs (i.e.,
reputational risks) is important. Based on the tools evaluated, we recommend inclusion of the
following outputs in future water tools:
4.3.1. Global maps
A global map of all business locations with separate, selectable overlays for water risk factors
provides a quick view of water availability assessments.
4.3.2. Standardized water indicators
Geographic water data is often provided using varied water indicators which often lack
straightforward interpretation to aid understanding by non-technical audiences. Shortcomings of
current indicators include disregard for important regional differences in water availability or water
consumption, only measuring at a national or large basin level and failing to account for whether the
water is readily accessible and of the desired quality. Standardized regulatory and reputational risk
indicators are currently non-existent, representing an opportunity to develop consistent metrics
going forward.
4.3.3. Isolate and weight indicators
Water issues can be very complex. Understanding the consequences of single indicators as well as
the interaction of multiple indicators simultaneously provides a more comprehensive assessment. The
process of weighting the relative importance is a subjective way to attempt to create meaning from
very complex phenomena. Default factor weightings are useful for those with little knowledge of the
relative challenges to their industry. However, those with detailed knowledge of their operations may
ﬁnd greater utility in a tool which allows customizable weights for physical, regulatory and
reputational risk evaluation. The default weighting can certainly serve as a starting point for water
management discussions and analyses but they must be clearly deﬁned within the tool so that users
can interpret the output. An opportunity for future reﬁnement would include dynamic overlay maps
with a sliding scale for gauging the effect of changing variables on each selected water indicator and
the inﬂuence of multiple risk indicators simultaneously.
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Understanding the context in which a company operates includes an understanding of a
sustainable, available water supply and the adequate infrastructure to supply and treat the water. A
company that is located in a water scarce watershed may or may not be exposed to risk depending on
their water use as well as the water required by or allocated to those in the surrounding community.
Currently tools are not conﬁgured to utilize the user-input water data in the context of the demands of
other users in the watershed. Providing that perspective would help users understand the role their
company plays in the surrounding community and highlight the need for collaboration with other
interests in the basin to advance sustainable water management. Industrial water withdrawal as a
percentage of the total withdrawal in a basin provides a foundation for this analysis, but taking the
assessment one step further would be beneﬁcial.4.3.5. Future water availability projections
Projections about climate change impacts, population growth, economic development and access
to water and sanitation can provide companies with information needed to evaluate long-term
sustainability strategies. Economic growth and population growth will certainly place additional
demands on water supplies. Climate change is an external driver that is likely to further exacerbate
water scarcity by impacting precipitation patterns, increasing the frequency of extreme weather
events (e.g., ﬂood and droughts) and affecting seasonal stream ﬂow [36]. Including projections in
these areas using the latest data would improve future tool functionality. The accessibility of water
and sanitation and the extent to which the existing infrastructure can supply water to meet the local
demands provides useful insight.4.3.6. Value chain
Many companies are recognizing that the water challenges in their supply chains may greatly
outweigh that of other parts of a company's value chain [37]. Lack of available information and
possibly lack of awareness has meant that water risks associated with a company's supply chain are
not sufﬁciently evaluated. More detailed analyses of the water risk in each part of a company's value
chain are needed.5. Conclusions
Water assessment tools have developed to provide companies with relevant information on
current and future water availability. Most tools compare water consumption to water availability
based on geographic location of each facility in a company's portfolio. Much of the water supply and
demand information in the public domain is provided at major watershed and country levels and
lacks the detail needed to characterize the local water scarcity. While water tools can help companies
identify hotspots of water stress, the local water context of the locations in which they operate is
essential. Some tools also provide regulatory or reputational risk assessments but these evaluations
are in their very early stages and provide limited useful information. Understanding the local water
governance boards and attitudes of nearby communities toward industrial water users, especially in
areas experiencing water stress would promote continued efforts to maintain sustainability. These
two shortcomings – overly coarse spatial detail and a lack of linkage between water use and impacts
at the local level – can generate misleading assessments and lead to inefﬁcient water-related actions.
Water assessment tool functionality could be expanded by incorporating facility location, water use
data and industry sector into tool inputs. Future datasets should draw upon publicly-available, highly-
reputable, regularly-updated sources which provide global data with sufﬁcient spatial and temporal
resolution. The ability of users to customize the tool output will improve the utility of the tools. Global
maps, future projections about water availability and standardized water indicators will enhance
future tool output.
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